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H2A.Z DURING OXIDATIVE STRESS
Abstract
Organization of the genome in eukaryotes has long been a mystery, and while we
have furthered our knowledge in recent years, there is still much that remains
unknown. We are particularly interested in the function of one of the histone variants
of H2A, H2A.Z. Its presence in a gene promoter can coincide with especially high or
low levels of transcription. The mechanism by which this occurs - and why it occurs is unknown. Here, we seek to understand whether the presence of the variant at
several genes is helpful in the context of oxidative stress. We found no
transcriptional upregulation or downregulation effect due to deletion of HTZ1, the
gene encoding the histone variant H2A.Z, leading us to believe that the variant is not
very influential at the three oxidative stress response genes we tested: CYC1, FLR1,
or GTT2. However, although our results did not reveal a large role for H2A.Z in
expression of these genes, they did reveal other key insights into the oxidative stress
response in yeast.
Key words: H2A.Z, gene expression, Yap1, oxidative stress, CYC1, FLR1, GTT2
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The Role of Histone Variant H2A.Z During the Oxidative Stress in Budding
Yeast
Introduction
In eukaryotes, the smallest repeating unit of chromatin is a nucleosome.
Nucleosomes are made up of four histone proteins (H2A, H2B, H3 and H4); each
nucleosome has two copies of each histone (Luger, 1997). Altogether, these eight
histone proteins make up the core octamer of histone proteins. Finally, each histone
unit has DNA wrapped around it 1.7 times to create the nucleosome (Luger, 1997).
Nucleosomes are packed tightly together into the nucleus of all cells to form
chromatin. The way nucleosomes are organized along the DNA can affect how
genes are expressed, and consequently can affect cellular responses to stress and
other stimuli (Weber, 2014).
In order for genes to be expressed, transcription of DNA into RNA must
occur. Large assemblies of enzymes and other proteins called the transcription
machinery are required for this process. The promoter region of a gene, or the
stretch of DNA where transcription machinery can anchor itself to begin transcription,
must be accessible to the machinery. RNA Polymerase II (RNAP II) is the enzyme
that catalyzes RNA production from a DNA template at genes encoding proteins.
RNAP II requires help from other protein complexes to initiate transcription, including
general transcription factors, mediator, co-activators and histone remodelers
(Thomas and Chiang, 2006). Importantly, the RNAP II complex is required for
transcription of protein-encoding genes in eukaryotes, and therefore is required for
protein expression (Thomas and Chiang, 2006). The size of this complex requires an
accessible portion of DNA with free of hindrance by other proteins. Therefore, we
assume that regions in the DNA with no histone proteins blocking transcription
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machinery are transcribed more often, while regions many histone proteins are
silenced. This relationship has not been definitively elucidated, but it is generally
accepted to be plausible.
In order for transcription to occur, the transcription machinery first accesses
the gene’s promoter. The transcription machinery is composed of several large
protein complexes, and needs space to attach to promoter regions. Proteins drive
many cellular functions, and as a result, control of protein expression is extremely
important. If the promoter region of a needed gene is blocked by a nucleosome, the
surrounding chromatin environment must be remodeled. This remodeling likely
includes removal of histone proteins that are sitting over the promoter region; if the
histone proteins are not moved, transcription may not be initiated. After chromatin
remodeling, the transcription machinery is able to access DNA and start
transcription, finally resulting in protein expression.
Basic mechanisms of gene regulation
There are two basic mechanisms by which genes are regulated: controlling
the recruitment of transcription machinery, or controlling events after the recruitment
of the transcription machinery (Lee, 2013). Most genes are primarily regulated by the
recruitment process -- at these genes the timing of transcription machinery
recruitment is very important. If a gene is needed for a cellular response,
transcription machinery is recruited upon induction with stimuli such as an
intracellular or extracellular signal. In another type of regulation, called postrecruitment regulation, RNAP II and other members of transcription machinery are
always sitting at a promoter waiting for a signal to start transcription (Lee, 2013).
Because transcription machinery is present at all times, the gene is not regulated by
whether or not RNAP II is recruited, but by when it will be induced to start
transcription. This lesser-studied process is the subject of our work.
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The H2A.Z Histone Variant
The four core histones (H2A, H2B, H3, H4) are referred to as canonical
histones and represent the bulk of histone protein in the cell. There are several types
of histone variants. These variants combine with canonical histones to form
nucleosomes; however, they are distinct proteins with unique features. One variant
of H2A is named H2A.Z. H2A.Z is 60% identical to H2A within a given species, and
is evolutionarily conserved from yeast to human (Henikoff, 2014). A possible reason
for this conservation is the fact that H2A.Z regulates transcription of several genes.
The variant is therefore a subject of ongoing interest in molecular genetic research.
About 15% of the total H2A protein in a cell is H2A.Z, and it is distributed in a
nonrandom fashion with the help of two large chromatin remodeling complexes
called SWR and INO80 (Sarcinella, 2007). The cell has a dynamic pool of histone
proteins, and H2A.Z moves around different locations within the genome where it is
needed most.
While SWR is specialized in the removal of H2A.Z (Gerhold, 2014), INO80-C
has many diverse functions including: nucleosome remodeling, nucleosome eviction,
replacement of H2A.Z histone variant-containing nucleosome, and establishment of
nucleosomal spacing (Gerhold, 2014). Although both have been shown to replace
H2A with the variant H2A.Z in the nucleosome, recent research using a electron
microscopy has revealed that the mechanisms of these two protein complexes are
remarkably different. SWR appears to cling, then expand around the nucleosome to
accomplish the task of removing H2A.Z, while INO80-C grasps the nucleosome and
is described to have a structure surrounding the nucleosome “like an embryo”
(Gerhold, 2014).
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H2A.Z is implicated in several different cellular processes including activation
and repression, but also in other lesser known phenomena including a process
Jason Brickner calls "adaptive transcriptional memory," (ATM) in which "cells have
cellular and molecular mechanisms to mark previously expressed genes and to
promote their reactivation" (Brickner, 2007). It has three distinct states: long-term
repressed, active, and an epigenetic memory state. This type of memory requires
two chromatin-based factors: H2A.Z and the SWI/SNF complex. SWI/SNF appears
to counteract the repressive effects of either Isw1 or Isw2. Data also suggest that
"peripheral localization is coupled to reactivation and both are dependent on H2A.Z"
(Brickner, 2007). Reactivation of the GAL1 gene is shown to have faster kinetics in
comparison to the original activation level, even after seven generations of
repression (Brickner, 2007). In a more recently published paper by Jason Brickner
and his colleagues, they further their definition of “transcriptional memory” defining it
as the persistent localization of a gene at the nuclear periphery after repression in a
primed state that promotes reactivation (Light 2010).
Interestingly, H2A.Z has been shown to be required for the reactivation of
recently repressed INO1 and GAL1 genes, but not for the long-term repressed states
of these same genes. To test this claim, researchers compared "the rates of
reactivation of recently repressed INO1 and GAL1 in wild-type" vs htz1∆ mutant
strain cells. These mutant cells lack the gene for the histone variant H2A.Z, which
allows investigation of its function by analyzing phenotypic and genotypic responses
of cells in its absence. The complete loss of H2A.Z protein in the htz1∆ mutant strain
cells resulted in a decreased rate of reactivation for both of the short-term repressed
INO1 and GAL1 genes (Ahmed, 2007). The authors further claimed that "H2A.Z can
serve as a molecular identifier of recently repressed genes to promote their retention
at the nuclear periphery and their rapid reactivation" (Ahmed, 2007). Lastly, the
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authors explained their proposed idea in which this observed phenomena might be
due to some evolutionary advantage in having the H2A.Z protein close to the nuclear
periphery in response to a stimulation (Ahmed, 2007).
Given the phenomenon of reactivation at the GAL and INO1 genes, and the
importance of H2A.Z during reactivation, we were interested to learn if H2A.Z plays a
similar role in the reactivation of genes induced by the Yap1 transcription factor. It is
possible that H2A.Z is required for a reactivation of Yap1-dependent genes in
response to oxidative stress. To test this, we designed an experiment (the “H2O2
reactivation experiment”) to examine RNA levels during an initial H2O2 timecourse
and during a second timecourse.
The oxidative stress response in yeast
In yeast, there are many different genes that are activated in response to
stress (Gasch, 2000). These genes could be regulated in a post-recruitment or
recruitment fashion. Oxidative stress is a specific type of stress experienced by all
organisms. DNA, proteins, and lipids are negatively affected by oxidative stress,
which in fact represent the large majority of important biomolecules. To defend itself
and repair damage caused by oxidative stress, cells carry out a variety of responses
when experiencing oxidative stress. In yeast, the transcription factor Yap1 is
responsible for inducing gene expression in response to oxidative stress (Gasch,
2000). The Yap1 protein quickly makes its way into the nucleus of the cell after
oxidative stress and turns on target genes (Wood, 2004). Because it is an important
messenger into the nucleus, Yap1 is instrumental to carrying out a successful
response to stress. Without the protein, cells will not survive on H2O2-containing
plates because they lack the ability to respond appropriately (Lee, 2013).
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Materials and Methods
Strains and Media
The htz1∆ (catalog# YSC6273-201922515) and swr1∆ (catalog# YSC6273201934932) strains we used in these experiments were purchased from DE
Healthcare Dharmacon in June 2015. The wildtype strain was revived from the
Stargell Collection, as well as several deletion strains, listed here: swc3∆
(YAL011W), swc5∆ (YBR231C), vps72∆ (YDR485C), arp6∆ (YLR085C), swc7∆
(YLR385C), bdf1 (YLR399C), vps71∆ (YML041C), yaf9∆ (YNL107W), ies1∆
(YFL013C), ies2∆ (YNL215W), ies3∆ (YLR052W), ies4∆ (YOR189W), ies5∆
(YER092W), ies6∆ (YEL044W), arp5∆ (YNL059C), arp8∆ (YOR141C), and taf14∆
(YPL129W). These deletion strains are all subunits of either the Swr1 complex or the
Ino80 complex, and were revived for later use. All deletion strains were revived on
YPD media, then streaked onto YPD + G418. All media was prepared according to
standard Lee lab protocols.
Media used for first spot experiment included YPD, YPD + 1.5 mM H2O2,
YPD + 2.5 mM H2O2, YPD + 3.5 mM H2O2, YPD + 4% DMSO, YPEG, YPEG + 1.5
mM H2O2, and YPEG + 3.0 mM H2O2. Media used for second spot experiment
included YPD, 3.0mM H2O2, 4.0mM H2O2, and 5.0mM H2O2.
Cell Preparation for H2O2 Reactivation Gene Expression Analysis:
A single colony from either wild type or htz1∆ were grown overnight in YPD,
then diluted to an OD600 of 0.2 in 220 mL of YPD. Cells were then allowed to grow
to log phase (OD600 ~0.7). The cells were split into two 105 mL cultures using sterile
graduated cylinders and sterile flasks. These cultures were designated the “naive”
and “experienced” cultures. Ten mL of each culture was taken out, put into a 15 mL
conical tube, and spun at 3000 rpm for 3 minutes. These were the No0 (naïve, first
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induction, un-induced time point) and the Eo0 (experienced, first induction, uninduced time point) samples. After these finished spinning, the supernatant was
poured off, samples were washed in DEPC-treated water, transferred to 1.7 mL
eppie tubes, and spun in a microcentrifuge at max rpm for 1 minute. The supernatant
was taken off again, and samples were put into the -80*C freezer. These are the
UNINDUCED samples. Next, 200 mM H2O2 was prepared by adding 328.5 µL of
stock H2O2 to 14.671 mL of sterile, distilled deionized water. The experienced culture
received 142.5 µL of H2O2, while the naïve culture received none. A timer was
started immediately after the addition of H2O2 to the experienced culture. Ten mL
samples were taken from both at 5, 10, 20, and 60-minute time points, following
protocol previously described for the un-induced sample. Spin time was factored into
each time point; for example, the cells were allowed to sit only for two minutes before
being spun for three minutes at the 5-minute time point. After the 60-minute sample,
the remaining cultures were transferred to 50 mL conical tubes and spun for 5
minutes at 3000 rpm. The supernatant was removed, the cultures were resuspended
in 20 mL of fresh YPD, and spun 5 minutes at 3000 rpm. This was repeated twice to
assure thorough washing of the cells. The protocol was then repeated again, but
both cultures received H2O2.
Super-activation Cell Preparation
A colony from either wild type or htz1∆ were grown in YPD from 2pm- 5pm.
At that point, the cultures were diluted to ~0.00078 in 220 mL and allowed to grow
overnight. Once the cells were in log phase, they were spun for 3 minutes at 3000
rpm, supernatant was removed from cells, and then cells were resuspended in YP.
This was done twice to be sure no glucose was left over. After cells had been spun
twice, they were resuspended in YPE. A timer was started when cells came into
contact with YPE. Samples were taken at 2, 3, 4, and 5 hour time points according to
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protocol previously described. Before the 5-hour time point, fresh H2O2 was
prepared. Immediately after the 5-hour time point was taken, H2O2 was added to the
“superactived” culture but not to the “control” culture. 5hr 5min, 5hr 10min, 5hr
20min, 5hr 30min, and 6hr time points were taken according to previous protocol.
RNA Extraction and DNase treatment
Following the preparation of cells, pellets were thawed on ice for five minutes
and resuspended in four hundred µL of RNA extraction buffer (10 mM Tris-HCl, 10
mM EDTA, 0.5% SDS). Four hundred µL of acid phenol was added immediately after
addition of buffer, and samples vortexed and placed on a 65°C heat block for one
hour, with vortexing every 10 minutes. Samples were spun for 5 minutes, and top
layer was extracted and put into a new eppie tube. Additional extractions in acid
phenol and chloroform purified the samples. Each time, the supernatant was
collected and the waste discarded. 10% volume 3M NaOAc at pH 5.2 and 1 mL 95%
cold ethanol were added to finish. Samples were stored overnight at -20°C. The next
morning, they were spun 30 minutes and supernatant was removed. They were
washed in 70% ethanol and spun for 5 minutes. Supernatant was removed and RNA
pellets were left to air dry. Pellets were later resuspended in 100 µL DEPC water for
quantification. Samples were put on the 65*C heat block for ten minutes to facilitate
resuspension. Samples were then diluted to 0.5 µg/µL using quantification from the
NanoDrop Spectrophotometer. Initial concentrations were taken, then C1V1 = C2V2
was used to determine the amount of DEPC water to add for a final concentration of
0.5 µg/µL.
In order to eradicate the genomic DNA contamination, all of the RNA samples
(the first and second biological replicates) were treated with DNase. Life
Technologies TURBO DNA-free Kit (Cat. #AM1907) was used. In this procedure, 1
µL of DNase was added to 10 µg of RNA, 5 µL DNase buffer, and nuclease-free
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water to a final volume of 50 µL. Samples were then put at 37°C on a heat block for
30 minutes. 5 µL of DNase Inactivation Reagent was then added and the samples
were vortexed. The samples were centrifuged on 10000G for 1.5 minutes to remove
the Inactivation Reagent.
cDNA Synthesis
BioRad iScript Reverse Transcription Supermix for RT-qPCR (Cat. #1708841) was used to make cDNA. In order to get the desired 20 µL per reaction tube, a
“Mastermix” was made, composed of 4 µL of iScript Supermix and 11 µL of
nuclease-free water per reaction. The “Mastermix” was made accounting for pipetting
error by making 10% more “Mastermix” than strictly needed. The inverse of the
concentrations from the NanoDrop was used to determine how much RNA to add to
each tube. (We added 1 ug of RNA to each tube). The tubes were then loaded into
the PCR machine. The program used is as follows:
5 minutes at 25°C
30 minutes at 42°C
5 minutes at 85°C
Each cDNA sample was diluted in a 1/10 ratio with sterile ddH2O before being used
in the qPCR reaction. We also tried a 1/100 dilution, but found with the levels of
expression of our genes of interest, the 1/10 dilution worked better. Ct values of our
samples fell between the first and last standard DNA sample using the 1/10 dilution.
qPCR Experiment
In each well in the qPCR plate we placed 2.5 µL of 1/10 dilution of cDNA, 7.5
µL of the Mastermix (5 µL of qPCR supermix, 0.5 µL of forward primer and reverse
primer, 1.5 µL of sterile ddH2O). A BioRad CFX96 qPCR machine was used.
The following program was used:
3:00 at 95°C
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34 cycles of the following:
0:10 at 95°
0:30 at 60.5°C
(plate read)
Melt curve (65° to 95°C, increment 0.5°C for 0:05)
(plate read)
This program was used for the CYC1 (STA 637, 638) and ALG9 (STA 797, 798)
primer sets.
The FLR1 primer set (STA 403, 404) had a melting temperature of 58.3°C.
The GTT2 primer set (STA 592, 593) had a melting temperature of 65.6°C.
Phenotypic Analysis
Phenotypic analysis of deletion strains on H2O2 and YPEG+H2O2
plates: Five strains (BY4741, htz1∆, swr1∆, nap1∆, and gcn5∆) were grown
overnight at 30 degrees C in 3 mL of YPD. The next morning, they were diluted to an
OD600 of 0.2 in 5 mL of YPD and left to grow to log phase (0.7 or 0.8 OD600). When
the cells reached this OD, 1 mL of the cells were taken from the tube, diluted to 0.1,
and then serially diluted tenfold four times. These samples were spotted onto YPD,
YPD + 2.5mM H2O2, YPD + 3.5mM H2O2, YPEG, YPEG + 1.5mM H2O2, YPEG +
3.0mM H2O2, and YPD + 4% DMSO. Pictures of plates were taken 2-5 days after
spotting.
Phenotypic analysis of strains during the H2O2 reactivation experiment:
Cells of three cultures (BY4741, htz1∆, and yap1 used as a negative control) were
grown overnight and diluted in the morning in the same manner as the first spot
experiment, except the cells were diluted into 10 mL of YPD. Then, a 1 mL sample
was taken and diluted in the same manner as the previous spot experiment. After the
sample was taken, 14.5 µL of 0.3mM H2O2 was added to each culture (T=0) and the
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cultures were placed back in the incubators for an hour. After the hour passed,
another 1 mL sample of each culture was taken and diluted for spotting (T=60). The
cells were then washed twice so as to remove the H2O2 from the culture entirely, a
sample was taken at 105 minutes past the first addition of H2O2. Another sample
was taken at T=120 past the initial addition of H2O2, and at this time another 14.5 µL
of H2O2 was added to each culture. One hour later (T=180) another 1mL was
extracted from each culture and spotted. H2O2 was made using 14.67 mL of distilled
deionized water and 330 µL of stock H2O2.

Results
Phenotypic Analysis of Deletion Strains
Phenotypic analysis is an experimental technique that shows the physical
difference in growth of a given organism here, different strains of yeast. To
investigate the biological response to oxidative stress, we introduced different yeast
strains to hydrogen peroxide (H2O2) and observed the resulting phenotypes. We
wanted to define the varying degrees of severity in phenotypes seen on different
types of media with varying concentrations of H2O2. Toward this goal, we spotted
yeast strains on YPD with added H2O2, or on YPEG (ethanol/glycerol) with added
H 2O 2.
The wildtype strain, or a strain that has no genetic modifications, grew
comparably on a control YPD plate (no H2O2 added) as well as on H2O2-containing
plates. Diminished growth was seen on 3.5 mM H2O2 plates early after spotting,
suggesting this concentration of H2O2 in the media slowed down growth of this
strain. The htz1 deletion strain showed a very minor phenotype on H2O2 plates,
meaning that it grew similarly to the wild type (unaltered) yeast strain and was not
highly affected by the oxidative stress induced here. This was only visible on Day 2
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at the highest concentration of H2O2 tested. Further testing on higher concentrations
of H2O2 might show this phenotype better. The swr1 and gcn5 deletion strains show
the most significant phenotypes in response to H2O2 on YPD (Figure 1).
The growth on YPEG plates looked almost identical whether H2O2 was added
to the media (Figure 1). Swr1∆ had a noticeable phenotype on the YPEG plates.
The gcn5∆ strain was obviously poorly equipped to survive on the ethanol-containing
media, and never did sustain visible or relevant growth on the YPEG plates - whether
or not they contained H2O2.

Figure 1. Phenotypic analysis of deletion strains on H2O2 and YPEG. The
wildtype, htz1∆, swr1∆, nap1∆, and gcn5∆ deletion strains were serially diluted and
spotted on the indicated media. Pictures were taken on 4 consecutive days after
growth at 30°C. The time slots marked “uninformative” above had no appreciable
growth between days three and four, and therefore provided no new insight. This
experiment was performed in biological duplicate with similar results for each set.
Reactivation Experiment
The H2A variant H2A.Z could influence transcription of important genes,
including constitutively expressed genes or genes activated during stress. The
reactivation experiment here was designed to investigate the role that H2A.Z plays at
various genes involved in the oxidative stress response. To test this, we did this

16

H2A.Z DURING OXIDATIVE STRESS
experiment in the wild type (BY4741) strain and the htz1∆ strain, which is missing the
H2A.Z protein. One culture of cells was exposed to H2O2 once, washed, and
exposed again a second time (we called this the experienced culture). Another
culture was only exposed to H2O2 at the second addition of the chemical (we called
this the naive culture). A sample of cells was taken at several predetermined time
points, and the samples were stored overnight at -80°C. RNA was extracted from the
cells the next day, reverse transcriptase was used to make cDNA, and cDNA
analyzed via qPCR.
The expression of three genes was tested in our RNA samples: CYC1
(Figure 3), FLR1 (Figure 4), and GTT2 (Figure 5). Figure 2 shows these wildtype
expression patterns consolidated into one graphic; Figures 3, 4, and 5 compare the
expression of each individual gene in a wildtype strain to their expression in an htz1∆
strain. We chose to use CYC1 beforehand because of its reaction to both ethanol
and H2O2-containing media. This is also a poised gene, which is one of the main
conditions we wanted to investigate with these experiments. Poised genes have
transcription machinery localized to the promoter at all times, meaning they are
always ready to quickly begin transcription upon signal to start. We also used GTT2,
a known recruitment-regulated gene, to contrast with CYC1. FLR1 was used as
another reference point, as it is known to be highly expressed with exposure to
oxidative stress.
The expression in the wildtype strain shows a general trend of lower
transcription levels at the second induction, although the CYC1 gene has much
closer levels of transcript than the other two genes, GTT2 and FLR1 (Figure 3). This
is interesting because, while the reaction to the first induction of H2O2 has been
tested before and is well-known, the reaction to the second induction is unknown and
untested. The lower levels of transcript after the second induction could point to
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remaining protein products from the first induction that are helping the cell through
the second induction. Therefore, the genes which respond to oxidative stress are not
expressed as highly at a second induction.
We expected to see a larger difference in the two strains (BY4741 or wild
type and htz1∆). Although it is not as large as expected, there is still a noticeable
difference in transcription levels caused by the H2A.Z protein (Figures 3, 4, and 5).
They both produce similar amounts of transcript, and any gap we may see could be
due in part to error or variability with qPCR reactions that are extremely sensitive.
Although there is not a large difference in the two strains, we have repeated this
experiment twice and the trends hold true. This suggests that the trends are correct
and repeatable.
We speculate that H2A.Z plays a role in both reactivation and repression of
CYC1. The first activation shows a lower amount of CYC1 transcript in the wildtype
strain than in the htz1∆ deletion strain, meaning that H2A.Z could very well play a
role in repression when genes are first activated (Figure 3). At the second activation,
the transcript level of the wildtype strain surpasses that of the htz1 deletion strain.
This suggests H2A.Z plays a role in reactivation at the second induction of H2O2.
We also find the expression of CYC1 in wildtype and htz1∆ strains compared
to GTT2 expression to be intriguing (Figure 6). Without H2A.Z, the regulation of
expression of CYC1 seems to mimic the expression of GTT2, suggesting that H2A.Z
is doing something at CYC1 to distinguish it from GTT2, transcriptionally. Without the
variant histone, the two genes look identical in transcription.
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Figure 2. Comparison of CYC1, GTT2, and FLR1 gene expression in the
wildtype strain. The wildtype expression of CYC1, GTT2, and FLR1 after two
inductions of H2O2 is indicated by differences in target gene transcript amount after
both inductions. One induction occurred at T=0, while the second occurred at T=120
minutes after washing the cells twice with YPD to remove all H2O2 from the first
induction.

Figure 3. CYC1 Expression in wildtype and htz1∆ cells. The CYC1 expression
after two inductions of H2O2 highlights differences in expression between cells that
contain the H2A.Z protein (wildtype) and cells that do not (htz1∆). The first induction
is at T=0, while the second is at T=120.
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Figure 4. FLR1 Expression in the wildtype strain. This figure shows FLR1
expression after two inductions of H2O2. The first induction is at T=0, while the
second is at T=120. There is a very large difference in the amount of RNA
transcribed between the first and second inductions. However, RNA levels are
similar between the wildtype and htz1∆ strain.

Figure 5. Expression of GTT2 in the wildtype and htz1∆ strains. This figure
shows GTT2 expression after two inductions of H2O2. The first induction is at T=0,
while the second is at T=120. The expression patterns here are extremely similar
between the two different strains, indicating that H2A.Z does not have as large a roll
in the induction of GTT2.
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Figure 6. Comparison of CYC1 and GTT2 Expression. This figure shows the
expression of CYC1 in both htz1 deletion strain and the wildtype strain compared to
expression of GTT2 expression in the wildtype strain.
Genomic DNA Contamination
In the course of the reactivation experiment, as we were running technical
replicates of the cDNA we had gathered from the first group of cells, we noticed
some oddities on some of the melting curves. To detect the presence of
contaminating genomic DNA, we ran a 2% agarose gel that would show whether the
samples had contaminating DNA (Figure 7). The samples that did not receive
reverse transcriptase (which makes DNA out of the RNA in the sample) had a large
amount of DNA. This DNA should not have been present if the original samples only
contained RNA. Therefore, we used the DNase enzyme to remove all contaminating
DNA (lanes 4, 5, 9, and 10). To insure that all samples were not contaminated with
DNA, we used DNase to remove DNA from all of our samples.
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Figure 7. 2% Agarose gel for genomic DNA contamination. NRT= no reverse
transcriptase. Without reverse transcriptase to generate DNA from RNA, no DNA
should be present. DNA present in samples that are marked NRT indicates DNA
contamination of the original RNA template. (This is seen in the lanes labeled Eo)
NRT 1/10 and Eo0 NRT 1/100.) The next two lanes (DNase Treated NRT 1/10 and
1/100) are empty, which indicates that the DNase treatment of the sample effectively
removed all contaminating DNA. The final lanes on the gel are specific samples that
do include reverse transcriptase. This agarose gel was visualized with ethidium
bromide, which stains DNA.
Phenotypic Analysis of the Reactivation Experiment
The results of the previously discussed gene expression analysis raised
another question: can cells that had already been exposed to H2O2 respond better a
second time? A phenotypic analysis was completed to test whether previous
exposure to H2O2 in liquid media would help the cells survive on H2O2-containing
plates. The results yielded a significant change in tolerance of H2O2-containing
plates. On the 4.0 mM H2O2 plates between T=0, when the H2O2 was added to the
cells AFTER a sample was taken for spotting, and T=60, there is a small but
significant change in growth (Figure 8). The cells are better able to survive on the
4.0 mM H2O2 plates after exposure to the chemical at T=0. The most significant
amount of growth can be observed at the T=180 time point, at which time the cells
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had received H2O2, been washed, and received it again at T=120. We speculate that
the cells have been activated to withstand the conditions of H2O2-containing media,
and thus contain the products of the activation when they are spotted onto H2O2containing plates. They are then better able to withstand the challenges presented
them because they have already activated the genes needed to help them survive,
and are benefitting from the gene products. We also think that perhaps the genes
which help them survive have moved to the periphery or become poised for
transcription, meaning that with the first shock of H2O2, they are more poised for this
particular condition to occur again. With this poised condition comes the ability to
react better and faster to the H2O2-containing plates onto which they are spotted.
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Figure 8. Phenotypic analysis of reactivation experiment. After cells of wild type,
htz1∆, and yap1∆ grew overnight in liquid media, a sample was removed for T=0
minutes spots, then 0.3mM H2O2 was added to the cultures. Another sample was
removed an hour later another sample was removed for spots. The cells were
washed with YPD twice to remove all H2O2, and another sample was removed for
T=120 minutes. Three-tenths millimolar H2O2 was added once more and the cells
were allowed to grow for an hour. Another sample was removed for spots at T=180,
an hour after the second addition of H2O2. Samples of the wild type, htz1∆, and
yap1∆ strains were serially diluted tenfold at time points described above, and
spotted onto plates with various concentrations of H2O2. Pictures shown are taken
on day 1 after the experiment. Plates were incubated overnight at 30°C.
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Dissipation of H2O2 in Plates Incubated Overnight
H2O2 is a volatile chemical, which makes it questionable to assume that it
remains in plates or media when they have been exposed to a temperature of
around 30°C or higher for long periods of time. To insure that our phenotypic
analysis was correct, we made twice as many plates as we needed and put half in
the incubator to dry overnight at 30°C and left half at room temperature. We then
spotted cells onto each type of plate (plates incubated at 30°C and plates left at
room temperature) at every time point to observe any differences in growth. There
are significant differences between the 5mM H2O2 plates dried at room temperature
and the plates dried at overnight at 30°C (Figure 9). The H2O2 dissipated in the
incubator, resulting in better growth on the higher concentrated plates (Figure 8).
Figure 10 summarizes the growth of wildtype, htz1∆, and yap1∆ strains as
measured by optical density (OD600). Hydrogen peroxide was added to these
samples at the 4-hour mark. The yap1∆ strain is unable to mount an appropriate
transcriptional response to hydrogen peroxide. The results in Figure 10 show that
growth of this strain is affected after treatment with this chemical. This indicates
either death of the yap1∆ cells or retarded growth.
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Figure 9. Phenotypic analysis of reactivation experiment on H2O2 plates
incubated overnight. The protocol described in figure 8 was repeated. These plates
were made with H2O2 and incubated overnight at 30°C, while another group was left
on the bench to dry overnight.
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Figure 10. Growth chart, showing OD600 throughout the reactivation
experiment. This figure shows the growth of the cultures throughout the reactivation
experiment. 0.3mM H2O2 was added to the cultures at 4 hours, when all OD600 were
~0.7. They all grew fairly similarly, with the wildtype strain growing fastest.

Future Directions
We will be repeating the reactivation experiment outlined above with the
bar1∆ strain to insure that the results obtained were not due to any variation in cell
cycle position. A variance in cell cycle position could mean that only daughter or
mother cells are receiving the transcriptional memory that help a cell survive in
challenging media. This speculation could be the reason the genes are not being
expressed on as highly at the second addition of H2O2 in the reactivation experiment.
Also, we would like to repeat the reactivation experiment with protein products rather
than RNA products. In order to do this, we would repeat the reactivation procedure
up to the RNA extraction, and instead do a protein extraction and a western blot.
This would indeed show whether the RNA product is staying around in the cell for

27

H2A.Z DURING OXIDATIVE STRESS
long enough to help the cell through the second spike of H2O2. If so, this would
explain the lower level of transcript at the second addition of H2O2.
Further Questions to Investigate
One paper in particular stressed their suggested model that Htz1 may allow
Pol II elongation by helping to create a complete assembly of the elongation complex
of Pol II (Santisteban 1858). Further research into this specific function of the H2A.Z
protein may lead to new discoveries into the mechanisms used to initiate and
possibly sustain RNA Pol II in transcription.
The role of the Thr4 protein in relation to Htz1 function may be worth further study,
due to research indicating Thr4’s role in both the repression of genes involved in
phosphate metabolism and for full activation of some inducible genes such as GAL1
(Rosonina 11928).
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Supplementary Figures

Supplemental Figure 1. Day two photos of phenotypic analysis of reactivation
experiment. These plates represent the second day of growth of the plates shown in
in figure 9. The plates remained in a 30°C incubator overnight and photos were
taken the following morning.
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Supplemental Figure 2. Replicate two of phenotypic analysis of reactivation
experiment, day one pictures. The reactivation protocol was repeated for another
phenotypic analysis. Plates were incubated overnight at 30°C and pictures were
taken the following morning. Time point T=105 was omitted for brevity and simplicity.
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Supplemental Figure 3. Replicate two of phenotypic analysis of reactivation
experiment, day two pictures. These plates represent the second day of growth of
the plates first shown in supplemental figure 2. Plates were incubated overnight at
30°C and pictures were taken the following morning. On the second repetition of this
experiment, the T=105 time point was missed.
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